The concentrations of lead and the isotopic ratios of lead, 2 06Pb:207Pb, were measured by inductively coupled plasma-mass spectrometry in environmental specimens, cosmetics and traditional remedies. The ratios were compared with those found in blood samples of Saudi children who had increased concentrations of total blood lead. The isotopic ratios in the blood specimens (1·144±0·027) were not significantly different from those determined in cosmetics and remedies (1. 152± O'031) and indicated that these were the likely sources of exposure rather than the lead contained in petrol which had an isotopic ratio of I· 207.
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In an earlier project we found that 25 of 108 children (25%) who attended a hospital outpatient clinic in the northern Saudi town of Arar had increased concentrations of lead in blood.' Analysis of air, water, food, home environment and other possible sources of lead failed to identify a possible explanation for this observation! and we describe here some of the subsequent work undertaken to identify likely sources of exposure. In a novel part of this work, inductively coupled plasma-mass spectrometry was used to compare the lead isotope ratios in blood samples from children with high blood lead concentrations, with the isotope ratios in a range of environmental samples (dust, soil and petrol), traditional cosmetics and remedies.
Three of the four isotopes of lead, 206pb, 207Pb and 208Pb are produced by the radioactive decay of 238U, mU and 232Th with half-lives of 4'5,0'7 and 14 million years, respectively. The 204Pb is a measure of the lead originally present when the elements were formed and is not produced naturally by any known radioactive decay process or by any other nuclear reaction.i Environmental samples have different stable Correspondence: Dr A Taylor.
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isotopic ratios which are due to the proportions of 238U, mU and 232Th originally present and lead isotopes in blood specimens can reflect the sources to which subjects were exposed. Thus, by careful comparison of the isotopic ratios of the environmental samples with those of the blood, the lead source can be identified.l-"
MATERIALS AND METHODS

Subjects
The 25 children previously found to have increased lead levels were asked to return for further investigation and 21 responded. Due to constraints associated with age and sample volume it was not possible to undertake full investigations on all specimens of blood. Lead isotope ratio analysis was performed only on five, but information gathered at interview with the families indicated that home environment and habits of the children were similar for all subjects.' Blood specimens collected from children living in other parts of Saudi Arabia were also analysed.
Measurements
Total lead concentrations in whole blood were measured by electrothermal atomization atomic H H !..........
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(range = 144-414 ILg/L) against the isotope ratio revealed higher 206Pb: 207Pb ratios at lower concentrations with a projected ratio of 1· 198 as the concentration approaches zero. Figure 1 displays the 2 06Pb:207Pb ratios found in blood samples, soil, petrol, cosmetics and traditional remedies. The vertical lines have been drawn to separate the 'environmental' specimens into those with low, intermediate and high ratios and to show those blood samples with lead isotope ratios that are most closely associated with the putative sources. (These are arbitrary divisions selected to assist the examination of the data.) The lead isotopic ratio in petrol (1 -207) was much higher than that of any of the children's blood. The isotope ratios of one soil sample and two dust samples were very similar at 1-145, 1 -144 and 1-146, respectively, and were not different from that of blood samples, The isotopic ratios of the 25 cosmetics and remedies overlapped those of the blood samples.
Blood samples from two of the Arar children had isotope ratios in the low and intermediate ranges. These values were similar to the ratios of Henna, Bint dahab, one specimen of Noqd and two teething powder samples (P>0-05). The lead isotope ratios of the other three children were within the high range (1-150-1-177) and were not significantly different from the ratios found for most of the cosmetics and traditional remedies (P>0-05). Table 2 lists the mean lead concentrations and isotopic ratios of soil, dust, petrol, samples of cosmetics and traditional remedies, to identify likely candidates for sources of high exposure. The highest lead concentrations absorption spectrometry. 5 Lead isotopic ratios were determined by inductively coupled plasmamass spectrometry using a VG PlasmaQuad ICP-MS instrument (VG Elemental, Cheshire, UK).3.4
The mass spectrometer was calibrated using a lead isotope standard reference material (SRM) 981 (National Institute of Standards, Washington, DC, USA). Evaluation of the acceptance limit for the measured 206Pb: 207Pb ratio of the SRM 981 lead standard reference material was based on proximity to the theoretical value of the 206Pb: 207Pb ratio of 1-0933 and on the relative standard deviation (RSD) about this mean. The acceptance range was ±0'5% about this mean i.e. 1-088-1·099 and, in addition, any data set whose within run RSD was more than 0-8OJo was rejected." The working standard used in this study contained 100 ILg/L of the SRM 981 plus 100 ILg/L bismuth as internal standard to monitor instrumental sensitivity, The internal standard was also included in the diluents added to blood and environmental samples.! Environmental samples were digested with nitric and perchloric acids, Saudi petrol samples (25 mL) were heated to dryness. The residues were dissolved in 1% vlv HN0 3 and the solutions diluted to give an approximately 100ILg/L final concentration of lead in 1-0% vlv Triton X-100.
RESULTS
The 206Pb: 207Pb isotope ratio was selected to compare results of blood and environmental samples. Ratios involving 204Pb were not used because of the low abundance of this isotope. The isotopic ratios and the lead concentrations of the blood samples from the five children are presented in Table 1 . The mean (± SD) isotopic ratio of these blood samples was 1 -144 ± 0·027 and the mean (± SD) lead concentration was 274 ± 74 ILg/L. The mean isotopic ratio in blood samples from children living in other parts of Saudi Arabia was 1'124± 0'020. A regression analysis of total blood lead concentration Henna and Bokhoor samples contained only small amounts of lead. Two Noqd samples had different isotope ratios (1. 12 and 1. 172) with very low lead concentrations. Another remedy used frequently by inhabitants of Arar, called 'Anzroot' , with a high isotope ratio, had a low lead concentration.
DISCUSSION
We found that there were significant numbers of children in Arar with elevated blood lead concentrations. Increased exposure to lead is a problem among many groups of children. Exposure may be from drinking water, household dust contaminated from sources such as a nearby lead refinery or other industrial activity, lead brought home by parents on their clothing, old leaded paint or other items in the home. In many countries leaded petrol contributes to very high airborne lead concentrations in urban communities with consequent contamination of soil, vegetation and dust. Our initial investigations in the Arar region, with measurements of lead in water and air, scrutiny of household hygiene and interviews with parents, failed to reveal an obvious source of exposure.' Lead added to petrol is usually Ann Clin Biochem 1993: 30 extracted from ores taken from a quite different part of the world to that which is in local plumbing systems and other environmental sources of lead. This was confirmed by the high 206Pb: 207Pb ratio found in Saudi petrol ( Table 2 ). In studies in other countries good relationships were found between lead isotope ratios in blood samples and in petrol, air, dust, and soi).2·6-9 By contrast, our 206Pb: 207Pb results with a high ratio in petrol but an inverse relationship between the isotope ratios and total lead in blood, indicate that leaded petrol was not an important source of lead for children in Arar and it was necessary to look for factors that were peculiar to the population.
Many people in Arar remain attached to their traditional culture in spite of the modernization that has been taking place during the last four decades. Thus, the use of Khol and various cosmetics and traditional remedies is widely practised and many people, both educated and uneducated, continue to consult traditional healers. While legislation to control the sale of Khol and remedies with known toxicity has been introduced by the Saudi Government private importation and use of these products is still common practice among the population.
Although this study could include only a small number of samples for isotopic analysis, measurement of lead and the 206Pb: 207Pb isotopic ratios in blood, cosmetics and remedies and other specimens has helped to identify the likely sources of lead to which these children were exposed. Lead from petrol, whether in air, dust or as a contaminant of food products was excluded by virtue of its much higher isotopic ratio. From Table 2 , it is evident that teething powders, Bint dahab and Khol specimens have the highest lead concentrations. Figure 1 shows that the isotopic lead ratio of the teething powder with the highest lead level does not compare with that found in the blood samples and that for the children in this study, this powder is not a source oflead. However, the ratios in the other likelysources do compare with those measured in blood and subsequent discussion with parents of the children elicited the information that these preparations were used within the homes.'
This study has shown that stable lead isotope ratio measurement, using inductively coupled plasma-mass spectrometry, is a powerful technique to distinguish among different sources of exposure to lead among children and has emphasized the importance of conducting blood lead screening and health education programmes in areas where the use of traditional cosmetics and remedies is still common.
